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Background: Information on the reproductive effects of chemical exposures in dental work is sparse or
inconsistent.
Aim: To investigate whether dental workers exposed to acrylate compounds, mercury amalgam, solvents or
disinfectants are at an increased risk of miscarriage.
Methods: The study was conducted among women dental workers and a comparison group of workers
occupationally unexposed to dental restorative materials. Information on pregnancies was obtained from
national registers and outpatient units of hospitals. Data on occupational exposure were obtained using
postal questionnaires. The final study population included 222 cases of miscarriage and 498 controls (births).
An occupational hygienist assessed exposure to acrylate compounds, disinfectants and solvents. Exposure to
other agents was assessed on the basis of the questionnaire data. Odds ratios (ORs) and confidence intervals
(CIs) were estimated using conditional logistic regression.
Results: The ORs adjusted for confounding factors were increased for moderate-exposure and high-exposure
categories of mercury amalgam (OR 2.0, 95% CI 1.0 to 4.1 and OR 1.3, 95% CI 0.6 to 2.5, respectively). The risk
was slightly increased for the highest-exposure category of 2-hydroxyethylmethacrylate (OR 1.4, 95% CI 0.7 to
2.6) and polymethylmethacrylate dust (OR 1.4, 95% CI 0.8 to 2.4). A slightly increased risk was also detected for
likely exposure to organic solvents (OR 1.4, 95% CI 0.8 to 2.3) and disinfectants (OR 1.5, 95% CI 0.9 to 2.7).
Conclusions: No strong association or consistent dose–response relationship was observed between exposure
to chemical agents in dental work and the risk of miscarriage. A slightly increased risk was found for
exposure to mercury amalgam, some acrylate compounds, solvents and disinfectants. These findings indicate
that the possibility of a weak association between exposure to these agents and an increased risk of
miscarriage cannot be excluded.

D
entists and dental nurses/hygienists may be exposed to
several potential reproductive health hazards. These
include mercury, acrylate compounds, organic solvents,

disinfectants, anaesthetic gases and x radiation. Exposure to
mercury and acrylate compounds occurs during the placement
of amalgam or composite fillings, the finishing and polishing of
fillings, and the removal of old fillings. The use of amalgam in
dentistry has, however, decreased during the past decade,
whereas the use of composites consisting of methacrylic
compounds has increased. In Finland, composite resin was
the most common material used for restorations in 1997.1 In
dental laboratories, workers are also exposed to acrylate
compounds (methyl methacrylate (MMA)), as well as to metal
dusts and fumes.

Data on the effects of acrylate compounds on reproductive
health are sparse and conflicting. In two animal studies,
inhalation exposure to MMA induced early fetal deaths and
haematomas.2 3 However, in two other studies, no signs of
embryo or fetal toxicity were observed in exposed animals.4 5

Intraperitoneal injection of several types of methacrylate esters
into pregnant rats resulted in resorption, fetal death or
decreased fetal size.6 In addition, some dental materials
(Vitrebond and AH26) have elicited genotoxic responses in test
systems,7 and a compound commonly used in restorative
materials (bisphenol A diglycidylmethacrylate) has induced
embryotoxic effects in the mouse embryonic stem cell test.8

Intragastric administration of leached components from a
resin-based dental composite has induced adverse effects on
fertility and on the reproductive system of female mice.9

Results of human studies on acrylate compounds are
inconsistent. Fedotova10 found an increased risk of miscarriage
among industrial workers exposed to MMA. Malformations,

hypoxia and prematurity were also observed in the children of
the exposed women. On the other hand, exposure to acrylate
compounds during the placement of tooth-coloured restora-
tions was not related to decreased fertility among dentists in a
Norwegian study.11

Toxicological studies suggest that mercury may have detri-
mental effects on health. Higher urinary mercury concentra-
tions have been measured in dentists who make amalgam
restorations than in dentists not using amalgam,12 or in an
occupationally unexposed reference group.13 In addition, it has
been shown that inorganic mercury accumulates in the
placenta and that a substantial fraction of maternal blood
mercury reaches the fetus.14 The results of epidemiological
studies on the effects of mercury on dental workers’ reproduc-
tive health have been conflicting.11 15–21

In addition to restorative materials, dental personnel may be
exposed to organic solvents and active (antibacterial) ingre-
dients of disinfectants when they clean surfaces with solvent-
based disinfectants or instruments with water-based agents.
Previously, high exposure to solvents has been associated with
an increased risk of miscarriage in various occupational
groups.22 Examples of active ingredients of the disinfectants
used in dental care are o-phenylphenol, benzoyl-p-chlorophe-
nol and n-alkyl-n-benzyl-n,n-dimethylammonium chloride.
Their reproductive effects have not been studied in humans.23 24

The results of animal experiments on o-phenylphenol have
been contradictory; however, some adverse effects were found
at high doses.

Abbreviations: HEMA, 2-hydroxyethylmethacrylate; MMA, methyl
methacrylate; PMMA, polymethylmethacrylate; TEGDMA, triethyleneglycol
dimethacrylate

127

www.occenvmed.com



The aim of our study was to investigate whether workers
occupationally exposed to acrylate compounds, mercury,
solvents and disinfectants, as well as ionising radiation, are at
an increased risk of miscarriage.

MATERIALS AND METHODS
The source population of the study was composed of women
belonging to the national trade unions of dentists, dental
nurses and hygienists, dental technicians and dental laboratory
workers, as well as pharmacists, secretaries and receptionists in
health care. The pharmacists, secretaries and receptionists in
health care represented women working in the health care
sector but occupationally unexposed to acrylate compounds
and mercury. The trade unions were asked to provide
information on women who were born in 1951 or later, and
who had belonged to the union during 1992–9. A total of 12 992
women were identified. The study was approved by the Ethics
Committee for Research in Occupational Health and Safety.

Information on births in the years 1992–8 was obtained from
the Finnish Medical Birth Register, and the data on mis-
carriages came from the Hospital Care Register of the National
Research and Development Centre for Welfare and Health
(Helsinki, Finland). Altogether, 8537 births, 1002 miscarriages
and 801 other pregnancies (induced abortion or extrauterine
pregnancy) of the union members were identified. In addition,
information was collected nationally from the hospitals on
patients with miscarriage who were treated in the outpatient
units of the hospitals and not included in the Hospital Care
Register. Altogether, 227 miscarriages were found. The coverage
of the Medical Birth Register is considered complete, and the
quality of its data has been found to be high for most of the
variables.25 26 We have previously estimated that 80–90% of all
recognised miscarriages can be detected from the Hospital Care
Register and local registers of the outpatient departments of the
hospitals.27

A pregnancy was eligible for study if it had started between
1992 and 1998, if the woman was a member of the union during
the first 3 months of pregnancy and if she was aged 25–39 years
at the beginning of the pregnancy. The first eligible pregnancy of a
woman during the study period was selected for study.

The study used a case–control approach. The cases were
women whose pregnancy under study was a miscarriage, and
the controls were selected from pregnancies that had ended in a
delivery. For ethical reasons, the births of seriously malformed
children were excluded from the potential controls with the
help of data obtained from the Finnish Register of Congenital
Malformations. The frequency of induced abortion was small
(4.3%) in the study population, and the differences in the
frequencies between the occupational groups were also small.
The frequency was highest among the secretaries and recep-
tionists (5.7%) and lowest among the dentists (3.1%).

The cases and controls were frequency matched for age in the
following four categories: 25–28, 29–32, 33–36 and 37–39 years.
In the age strata, the controls were randomly selected, and the

sampling fraction for the potentially exposed and unexposed
pregnancies was the same. Altogether, 358 cases and 716
controls (twice the number of cases) were identified.

Data on occupation, working tasks and occupational expo-
sure during the first trimester of pregnancy were obtained
using postal questionnaires. The questionnaire for the dentists
and dental nurses/hygienists included questions on the
frequency of placing and removing amalgam and composite
resin fillings and the trade names of the used products, the
frequency of using disinfectants and nitrous oxide, and the
frequency of staying in the same room with the patient during
the x radiation. The dental technicians and dental laboratory
workers were asked about the number of hours involved in
tasks with exposure to MMA, and the use of local exhaust
ventilation and protective devices. The pharmacists were asked
about the frequency of handling drugs that are potentially
harmful to pregnancy and were not handled in closed/sealed
packages. All the participants were asked about their use of
solvents (solvent-based cleaning agents). Information on the
workers’ medical condition, reproductive history, length of
gestation, number of amalgam fillings, smoking and use of
alcohol was also requested. Furthermore, data on the fathers’
working tasks and exposure to some occupational and lifestyle
factors during the 3 months before the conception of the study
pregnancy were sought. These data were collected 3–9 years
after the pregnancies.

After three postings the response rate was 68% (66% for the
cases and 70% for the controls). The response rate varied
slightly by occupation. It was highest for the pharmacists (75%)
and lowest for the dental nurses and hygienists (64%; table 1).
The most distinct difference in the response rate between the
cases and controls occurred for the dental technicians and
laboratory workers. The study pregnancy was confirmed by
94.5% of the case respondents and by 99.6% of the control
respondents. There were 15 women who did not confirm the
study pregnancy in the questionnaire; they were excluded
(2 births, 13 miscarriages). The final analysis was limited to the
confirmed pregnancies, including 222 cases and 498 controls.

Assessment of exposure
An occupational hygienist assessed the participants’ exposure
to acrylate compounds (2-hydroxyethylmethacrylate (HEMA),
methyl methacrylate (MMA) and polymethylmethacrylate
(PMMA) dust), disinfectants and solvents. The assessment
was conducted blinded to the participant’s case–control status.
The assessment was made on the basis of the questionnaire
information, earlier industrial hygiene measurements at
Finnish dental offices and dental laboratories,28–30 and data
from previous studies of exposure conditions.31 Exposure to
mercury amalgam, triethyleneglycol dimethacrylate
(TEGDMA), anaesthetic gases and ionising radiation was
assessed on the basis of the questionnaire data only.

Exposure to HEMA was assessed by the frequency of
restoration cementation, and replacement of composite resin

Table 1 Response rate of the cases and controls by occupation

Occupation
Cases
n (%)

Controls
n (%)

Total
n (%)

Dental technicians and laboratory workers 6 (54.6) 20 (76.9 ) 26 (70.3 )
Dentists 49 (67.1) 106 (68.0 ) 155 (67.7 )
Dental nurses and hygienists 86 (61.4) 183 (65.4) 269 (64.1)
Pharmacists 69 (74.2 ) 139 (76.0 ) 208 (75.4 )
Receptionists and departmental secretaries in
health care

25 (61.0 ) 52 (73.2 ) 77 (68.8 )

Total 235 (65.6) 500 (69.8) 735 (68.4)
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restorations or glass ionomer restorations (if a product
including HEMA was used). Exposure to MMA was defined
as low (air concentration ,1 ppm) for all dentists and dental
nurses/hygienists, as well as for all dental technicians and
laboratory workers who handled the raw materials of acrylic
resins/plastics or worked in the room where they were handled
for not more than 2 h a week. Dental technicians and dental
laboratory workers who worked for .2 h/week with these
materials belonged to the high category (1–20 ppm).

All the women who used protective equipment when
grinding acrylate products or who worked in the same room
for ,7 h/week, as well as all those who worked in dental
offices, were classified as exposed to organic PMMA dust. The

concentration of PMMA in their working air was assessed as
,0.5 mg/m3. Only three women were defined as exposed to
higher concentrations (0.5–1.5 mg/m3), and therefore only one
exposure category was formed. Exposure to TEGDMA was
determined by the number of removed composite resin
restorations per week, because it has been found that
TEGDMA is released into the air mainly during the removal
of old composite resin restorations.29

Exposure to mercury amalgam was classified by the number
of amalgam fillings made and removed per week. Cumulative
exposure to mercury amalgam was assessed by years of
exposure before pregnancy. If a woman stayed in the same
room with the patient during x radiation, she was considered

Table 2 Odds ratios for miscarriage as regards potential risk factors*

Factor Cases Controls OR 95% CI

Pregnancy history
Previous miscarriage 38 66 1.4 0.9 to 2.2
Previous induced abortion or extrauterine
pregnancy

19 25 1.8 1.0 to 3.4

Previous births
1 61 135 1.0 0.7 to 1.4
2 41 110 0.8 0.5 to 1.3
>3 13 26 1.1 0.5 to 2.4

Use of intrauterine device or pills at conception 6 9 1.6 0.6 to 4.5

Diseases and drugs
Cervicitis 9 28 0.7 0.3 to 1.6
Inflammation of uterine cavity 7 4 4.0 1.1 to 13.6
Oophoritis 6 11 1.3 0.5 to 3.5
Other disease of genital organs� 4 3 3.1 0.7 to 14.0
Medical examination because of infertility 16 24 1.5 0.8 to 3.0
Diabetes (treated with insulin) 3 4 1.7 0.4 to 7.7
Disease of the thyroid gland 4 9 1.0 0.3 to 3.3
Fever 25 60 0.9 0.5 to 1.5
Potentially harmful drugs` 5 8 1.4 0.5 to 4.3

Other maternal factors
Number of own amalgam fillings

5–9 105 219 1.1 0.7 to 1.7
>10 69 168 1.0 0.6 to 1.6

Smoking
1–4 cigarettes/day 7 19 0.9 0.4 to 2.1
>5 cigarettes/day 8 9 2.1 0.8 to 5.4

Alcohol consumption
,1 drink a week 44 129 0.7 0.5 to 1.1
>1 drinks a week 15 19 1.9 0.9 to 3.8

BMI (reference group 20–25; kg/m2)
,18 5 6 1.7 0.5 to 5.8
18–19 15 54 0.6 0.3 to 1.1
26–27 28 67 0.9 0.6 to 1.5
28–30 16 31 1.1 0.6 to 2.1
.30 17 39 0.9 0.5 to 1.7

Paternal factors
Smoking

1–4 cigarettes a day 12 25 1.1 0.5 to 2.2
5–14 cigarettes a day 22 53 0.9 0.6 to 1.6
>15 cigarettes a day 25 54 1.1 0.6 to 1.8

Alcohol consumption
,2 drinks a week 67 167 0.9 0.5 to 1.5
2–6 drinks a week 84 192 1.0 0.6 to 1.6
7–14 drinks a week 37 75 1.1 0.6 to 2.0

Occupational exposure
Solvents 76 182 1.0 0.7 to 1.3
Metal fumes and dusts 61 127 1.2 0.8 to 1.7
Welding fumes or soldering smoke 49 105 1.1 0.7 to 1.6
Pesticides 14 22 1.5 0.7 to 3.0
Temperatures of .30 C̊ at work 42 100 0.9 0.6 to 1.4

BMI, body mass index.
*The models include a category for missing information when necessary.
�Other genital diseases: polycystic ovary syndrome, myoma, endometrial polyp, actinomycosis and adenomyosis.
`Drugs potentially harmful to pregnancy: anticonvulsants, tetracyclines, and anti-inflammatory analgesics (excluding
paracetamol).
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exposed to ionising radiation. Exposure to solvents and
disinfectants was defined as potential or likely. The trade
names of the products were used in the assessment of exposure
to ethanol and isopropanol.

Exposure to the disinfectants used for cleaning the instru-
ments was classified as high if the woman cleaned the
instruments >6 times a week, or if the task took place in the
dentist’s workroom and/or the instruments were in an open
bowl. If cleaning was done 1–5 times a week in similar
conditions, exposure was defined as intermediate. Also, if the
cleaning was done >6 times a week, but was done in a different
room and the bowl was covered, exposure was classified as
intermediate. The exposure of other women working with
disinfectants was assessed as low. If a woman was not using
disinfectants, the bowl was in a different room and the task
was also done in a different room, she was considered
unexposed.

Statistical methods
Odds ratios (ORs) and confidence intervals (CIs) were
estimated using conditional logistic regression (procedure
PHREG, SAS V.8.2). The potential maternal and paternal
confounding factors were selected on the basis of prior
knowledge and included in the final models on the basis of
their association with miscarriage (table 2). Employment was
included in all the models. The year of beginning of pregnancy
(1992–3, 1994–5, 1996–8) was also included in all the models
because exposure to some agents had decreased (mercury
amalgam) during the study period while exposure to others had
increased (HEMA, solvents). Potential confounding by age in
the matching strata was adjusted by adding a centred age

variable (ie, the deviation of the mother’s age from the mean
age of the controls in the mother’s matching category) to the
conditional logistic model.32 The number of the participants’
own fillings was included in the models on mercury amalgam.
Exposure to various acrylate compounds and mercury amalgam
was highly correlated. Therefore, only exposure to solvents and
x radiation was adjusted in the multivariate analyses on other
chemical agents.

RESULTS
Table 2 shows the frequencies of the cases and controls and the
ORs for miscarriage as regards potential confounding factors.
Increased ORs indicating an increased risk were observed for
the women who had had a previous miscarriage, induced
abortion or extrauterine pregnancy, or who had used an
intrauterine device or pill at conception. An increased risk
was noted also for the women who had had inflammation of
the uterus or some other genital disease before the study
pregnancy, a medical examination because of infertility, or
diabetes treated with insulin and had used drugs potentially
harmful to pregnancy. Smoking, use of alcohol and low body
mass index (,18) seemed to be related to miscarriage as well.

The risk of miscarriage among all members of the trade
unions of dental workers did not differ from the risk of
members belonging to the trade unions of pharmacists and
receptionists and secretaries in health care (OR adjusted for
employment, age and time period 0.9, 95% CI 0.7 to 1.3).
Adjustment for other potential confounding factors (previous
miscarriage, induced abortion or extrauterine pregnancy, use of
intrauterine device or pills at conception, previous intrauterine
inflammation, other previous genital disease, diabetes, previous

Table 3 Crude and adjusted* odds ratios for miscarriage as regards occupational exposure
to acrylate compounds and mercury amalgam; six multivariate models

Exposure Level of exposure Cases Controls

OR

95% CICrude Adjusted

HEMA Not exposed 116 265 1.0 1.0 Ref.
,10 times a week 11 22 1.2 1.5 0.6 to 3.5
11–40 times a week 57 121 1.1 1.3 0.7 to 2.3
.40 times a week 31 70 1.0 1.4 0.7 to 2.6

MMA concentration
in air

Not exposed 151 340 1.0 1.0 Ref.
,1 ppm 63 140 1.0 1.3 0.7 to 2.3
1–20 ppm 6 13 1.0 1.1 0.4 to 3.2

PMMA dust Not exposed 125 294 1.0 1.0 Ref.
Exposed 92 192 1.1 1.4 0.8 to 2.4

TEGDMA Not exposed 125 287 1.0 1.0 Ref.
(10 times a week 50 111 1.0 1.3 0.7 to 2.4
.10 times a week 46 98 1.1 1.4 0.8 to 2.6

Mercury amalgam� Not exposed 120 270 1.0 1.0 Ref.
Very low 9 23 0.9 1.2 0.5 to 3.0
Low 39 98 0.9 1.3 0.7 to 2.3
Intermediate 23 36 1.4 2.0 1.0 to 4.1
High 28 61 1.0 1.3 0.6 to 2.5

Number of years of
using mercury amalgam
before pregnancy�
(daily or nearly daily)

Not used or stopped
>1 year earlier

147 344 1.0 1.0 Ref.

(5 years 19 41 1.0 1.3 0.6 to 2.8
6–10 years 22 38 1.3 1.7 0.8 to 3.5
.10 years 25 62 1.0 1.3 0.6 to 2.5

HEMA, 2-hydroxyethylmethacrylate; MMA, methyl methacrylate; PMMA, polymethylmethacrylate; TEGDMA,
triethyleneglycol dimethacrylate.
*The models include employment, age, time period, exposure to solvents, x radiation, previous miscarriage, induced
abortion or extrauterine pregnancy, use of intrauterine device or pills at conception, previous intrauterine inflammation,
other previous genital disease, diabetes, previous medical infertility examination, use of potentially harmful drugs,
smoking and use of alcohol; the models include a category for missing information on each examined agent.
�The model also includes the number of own amalgam fillings.
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medical infertility examination, use of potentially harmful
drug, smoking, use of alcohol and exposure to solvents) gave an
OR of 0.9 (95% CI 0.6 to 1.3). No increased risks of miscarriage
were seen in any of the specific groups of dental workers
(dentists, dental nurses, and dental technicians and laboratory
workers) as compared with non-dental workers.

Table 3 shows the crude and adjusted ORs of miscarriage for
exposure to mercury amalgam and various acrylate compounds.
The adjusted OR of miscarriage was 2.0 (95% CI 1.0 to 4.1) for
moderate exposure to mercury amalgam, but lower for the
high-exposure category (OR 1.3, 95% CI 0.6 to 2.5). Combining
the intermediate-exposure and high-exposure categories gave
an adjusted OR of 1.5 (95% CI 0.8 to 2.8). When the association
was examined by the duration (number of years) of using
mercury amalgam, no consistent association was found. The
ORs were slightly increased for exposure to all the acrylate
compounds (HEMA, MMA, PMMA and TEGDMA), but there
was no consistent dose–response relationship.

Exposure to organic solvents was common in the study
population; the proportion of exposed women was 86% among
the dental personnel, 73% among the pharmacists and 35%
among the secretaries and receptionists. For likely exposure to
solvents and individual solvents, the adjusted ORs were slightly
increased (table 4). For exposure to disinfectants during
instrument cleaning, the adjusted OR was 1.5 (95% CI 0.9 to
2.7), but when the association was examined by the level of
exposure, an increased risk was seen for potential exposure and
for the low and intermediate categories, but not for the highest-
exposure category. Combining the intermediate-exposure and
high-exposure categories gave an adjusted OR of 1.6 (95% CI
0.8 to 3.0).

The OR for miscarriage was 1.6 (95% CI 0.7 to 4.2) for the
women exposed to x radiation by staying .10 times a week in
the same room with the patient when x rays were used. Because
of the small number of exposed women, the association was
imprecise (table 4). Exposure to anaesthetic gases and
antineoplastic agents was also uncommon (2% exposed), the

result being the wide CIs of the estimates (crude OR for
anaesthetic gases 0.4, 95% CI 0.1 to 1.7 and crude OR for
antineoplastic agents 1.3, 95% CI 0.4 to 4.4).

The distributions of the exposed and unexposed miscarriage
cases were examined by week of pregnancy. The proportion of
miscarriages was systematically higher for the unexposed than
for the exposed cases during early pregnancy (,10 weeks). In
contrast, during weeks 10–12, the proportion was higher for the
exposed than for the unexposed women. In later pregnancy
(>13 weeks), no essential difference was found between the
exposed and unexposed cases. For example, among the women
exposed to PMMA, 32% of the miscarriages occurred before the
10th week of pregnancy, 51% at 10–12 weeks and 17% during
the 13th week or later. For the unexposed, the percentages were
48%, 34% and 18%, respectively. For those exposed to mercury
amalgam at an intermediate or high level, the percentages were
30%, 52% and 17%, respectively, whereas for those unexposed
to amalgam the percentages were 51%, 34% and 15%,
respectively. A similar difference in the distribution of
spontaneous abortion by week of pregnancy was also found
between the women exposed to other acrylate compounds,
solvents, disinfectants or x radiation, and for the women
unexposed to these agents.

DISCUSSION
We found slight, non-significant associations between exposure
to some acrylate compounds, mercury amalgam, solvents,
disinfectants and x radiation, and the risk of miscarriage
among the dental personnel. There was no clear indication of a
dose–response relationship.

The association of acrylate compounds with miscarriage has
not been investigated previously. Our findings on these
compounds are, however, consistent with the results of a
Norwegian study11 that showed no association between
exposure to acrylate compounds and fertility. In that study,
exposure to acrylate compounds was defined as the placement
of tooth-coloured restorations. Recent industrial hygiene

Table 4 Crude and adjusted* odds ratios for miscarriage as regards occupational exposure
to solvents, disinfectants and ionising radiation; six multivariate models

Exposure Level of exposure Cases Controls

OR

95% CICrude Adjusted

Solvents Not exposed 59 137 1.0 1.0 Ref.
Potential exposure 18 39 1.1 1.2 0.6 to 2.5
Likely exposure 134 287 1.1 1.4 0.8 to 2.3

Ethanol Not exposed 75 183 1.0 1.0 Ref.
Exposed 115 240 1.2 1.4 0.8 to 2.4

Isopropanol Not exposed 125 277 1.0 1.0 Ref.
Exposed 54 115 1.0 1.4 0.8 to 2.5

Chloroform Not exposed 154 348 1.0 1.0 Ref.
Exposed 63 145 1.0 1.3 0.7 to 2.3

Disinfectants Not exposed 129 305 1.0 1.0 Ref.
Potential exposure 28 64 1.1 1.4 0.7 to 2.8
Low 24 46 1.2 1.5 0.7 to 3.0
Intermediate 31 55 1.3 1.9 1.0 to 3.7
High 7 23 0.7 0.9 0.3 to 2.4

x radiation Not exposed 200 501 1.0 1.0 Ref.
(10 times a week 12 40 0.7 0.7 0.3 to 1.6
.10 times a week 10 17 1.3 1.6 0.7 to 4.2

*Adjusted for employment, age, time period, exposure to solvents or other solvents, x radiation, previous miscarriage,
induced abortion or extrauterine pregnancy, use of intrauterine device or pills at conception, previous intrauterine
inflammation, other previous genital disease, diabetes, previous medical infertility examination, use of potentially
harmful drugs, smoking and use of alcohol; the models include a category for missing information on each examined
agent.
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measurements have shown that the concentrations of acrylate
compounds (MMA, HEMA, I-BMA and TEGDMA) are small in
dental clinics in Finland.29 In dental laboratories, the concen-
tration of MMA has been clearly higher.28 31 In our data,
exposure to MMA in dental laboratories was, however, not
related to miscarriage, but the size of the highly exposed group
was very small.

The risk of miscarriage was slightly increased for all the
exposure categories for mercury amalgam, but no pattern of
dose–response was found. Most of the other studies on dentists
and dental nurses have shown no association between mercury
exposure and reproductive disorders.11 19–21 However, Rowland et
al17 18 observed an increased risk of miscarriage among female
dental assistants preparing .50 mercury amalgams a week,
and decreased fertility among women preparing .30 amalgams
a week and having a high number of poor occupational hygiene
factors. We had no information about the industrial hygiene
factors of the dental offices. Concentrations of inorganic
mercury in blood measured by the Finnish Institute of
Occupational Health indicate that the level of exposure is low
among dentists and dental nurses, however. All of the
concentrations measured during 1993–2000 remained below
the reference value for the unexposed (25 nmol/l).

A slight excess of miscarriages was found for those who were
exposed to solvents. Increased risks of miscarriage have been
observed earlier in industrial populations that may be exposed
to high levels of solvents, but no or only slightly increased risks
have been noted among workers whose level of exposure is
usually low.22 An increased risk of miscarriage has also been
observed among laboratory workers exposed to isopropanol or
chloroform.33 34

Exposure to solvents in dental offices is usually low
according to occupational hygiene measurements.29 Studies of
exposure to solvents in pharmacies have not been reported, but
the exposure level can be expected to be about the same as in
dental offices. Our results do not contradict those of a previous
study on dental assistants that showed no association between
solvent exposure and miscarriage.19 A similar result was
obtained among pharmacy assistants, although the exposed
workers had an increased risk of stillbirth and perinatal death.35

An increased risk of miscarriage was seen for the low and
intermediate categories of exposure to disinfectants, but not for
the highest-exposure category, and thus our study found no
consistent association between exposure and miscarriage.

Our study has several strengths. The source population for
the study included nearly all dental workers, pharmacists and
secretaries or receptionists in health care in Finland. We used
hospital records for the identification of miscarriages, and only
the pregnancies confirmed by the women themselves were
included in the final study population. We believe that the
potential for selection bias was small because the population
studied was relatively homogeneous (ie, all of the participants
worked in the health care sector). We were able to control for
several risk factors of miscarriage, such as age, reproductive
history, diseases and drugs, smoking and use of alcohol, as well
as for fathers’ exposure to some occupational and lifestyle
factors. We also repeated all the analyses on specific agents by
ignoring from the models previous miscarriages, induced
abortions or extrauterine pregnancy, intrauterine inflammation
and other genital disease. The exclusion of these factors had no
or negligible effect on the risk estimates.

Among the exposure estimation methods in common use
today, expert assessment of exposure is usually considered the
best approach.36 In our study, an experienced occupational
hygienist assessed exposure to most of the agents (acrylate
compounds, solvents and disinfectants) without information
on the participant’s case–control status. The assessment relied

on the participants’ descriptions of their working tasks, the
frequency of performing exposure-related working tasks, and
the trade names of the products used, as well as on information
on earlier industrial hygiene measurements and on the results
of previous studies on exposure.

Exposure to other agents was assessed on the basis of
questionnaire data. Women with an adverse pregnancy out-
come may recall and report their exposure during pregnancy
better than women without adverse outcomes. Most of the
validity studies, however, have found little evidence for the
existence of recall bias in reporting occupational exposure,
although some indications have been noted.37–39 Therefore, the
possibility of recall bias cannot be totally ruled out in this study.

Our study was limited by the simultaneous exposure to
various acrylate compounds and mercury amalgam. This
limitation makes it difficult to determine the independent
effect of specific agents. The numbers of cases and controls
were small for some exposure categories and agents (eg, high
level of exposure to MMA and exposure to ionising radiation,
anaesthetic gases and antineoplastic drugs), limiting the ability
of the study to detect any associations with these agents.

In addition, some of the early recognised abortions may not
have been treated in hospital, and these as well as all very early,
unrecognised losses might be missing from the data. If the
exposures preferentially caused early pregnancy loss, the
reported OR would have underestimated the true risk.40 An
examination of the distribution of the miscarriage cases by
length of gestation showed that the proportion of early
miscarriages (,10 weeks) was consistently lower among the
exposed than among the unexposed cases, whereas, at 10–
12 weeks, it was higher among the exposed than among the
unexposed. It is possible that some of the pregnancies of the
exposed women had ended at a subclinical stage and were
therefore missing from our data. However, this finding should
be interpreted with caution because information on the length
of gestation was obtained from the women themselves and they
may not have recalled the length of gestation accurately.

The response rate of the cases was slightly lower (66%) than
that of the controls (70%). We compared the response rate of
the cases and controls among the dental care workers (usually
exposed to mercury amalgam and acrylate compounds) and
among women in other unexposed occupations (unexposed to
these agents—ie, pharmacists, receptionists and secretaries) to
get some idea of the response rate by exposure and outcome. A
similar difference between the cases and controls was apparent

Policy implications

N In general, there is no need to restrict work in dental
clinics during pregnancy.

N It is, however, important to conform to good occupational
hygiene during pregnancy in dental work.

Main messages

N There was no strong association or consistent dose–
response relationship between exposure to chemical
agents in dental work and the risk of miscarriage.

N A slightly increased but non-significant risk was found for
exposure to some acrylate compounds, mercury amal-
gam, solvents and disinfectants.

N The possibility of a slightly increased risk of miscarriage
among exposed dental workers cannot be excluded.
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in the response rates of the dental personnel (cases 63%,
controls 67%) and the unexposed group (cases 70%, controls
75%) than in the total population. This finding does not suggest
notable selective participation. However, a clear difference in
the response rate was noted between the cases (55%) and the
controls (77%) working as dental technicians or as dental
laboratory workers. This discrepancy may have attenuated the
association between high exposure to MMA and miscarriages
because all of the highly exposed women were in this
occupational category. The possible effect of selective participa-
tion on the findings of other exposures cannot be totally
excluded either.

No strong association or clear dose–response relationship was
observed between occupational exposure to chemical agents or
restorative materials and the risk of miscarriage among dental
personnel. A slight but non-significant increase in risk was
found for exposure to some acrylate compounds, mercury
amalgam, solvents and disinfectants. Because of simultaneous
exposure to different acrylate compounds and mercury amal-
gam, the increased risk could not be assigned to any of these
restorative materials. On the basis of these findings, the
possibility of a slightly increased risk of miscarriage among
exposed dental workers cannot be excluded.

ACKNOWLEDGEMENTS
We thank the Finnish Dental Association, The Finnish Federation of
Oral Health Care Professionals, The Union of Special Dental
Technicians, The Union of Technical Employees/Dental Technicians,
The Finnish Pharmacists’ Association, the Finnish Union of Practical
Nurses, and the National Research and Development Centre for Welfare
and Health for their co-work and assistance in the data collection.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Marja-Liisa Lindbohm, Pekka Ylöstalo, Markku Sallmén, Tuula
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